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date of death, liver transplantation (LT), last contact,
death from non-liver associated diseases, or the end of
the follow-up period, whichever came first.

The demographic features of the 334 PBC patients at
the time of entry are shown in Table 1. Among the 334
patients, 99 patients {29.6%) had the following con-
comitant autoimmune diseases: Sjogren’s syndrome
(n=43), autoimmune hepatitis (n =25), Hashimoto’s
thyroiditis {n=13), rheumatoid arthritis (n=10),
Raynaud’s disease (n=8), systemic sclerosis (n=7),
CREST syndrome (n=4), autoimmune thrombocy-
topenic purpura (n = 3), interstitial pneumonia (n = 2),
hypothyroidism (n = 2), polymyositis (n = 1), systemic
lupus erythematosus (n=1), mixed connective tissue
disease (n=1), eosinophilic fasciitis (n=1), uveitis
(n=1), and sarcoidosis (n = 1). Among these concomi-
tant autoimmune diseases, 7 patients with AlH, 2
patients with Sjogren’s syndrome, 2 patients with inter-
stitial pneumonia, one patient with polymyositis, one
patient with eosinophilic fasciitis were diagnosed
during the course of observation.

Patients were treated for PBC during the observation
periods with the following: ursodeoxycholic acid
(300-900 mg/day) alone (n=213), bezafibrate (200-
400 mg/day) alone (n = 4), prednisolone (>20 mg/day)
(n=19), ursodeoxycholic acid + bezafibrate (n=70),
ursodeoxycholic acid and/or bezafibrate + maintenance
prednisolone (<5 mg/day) (n=25), or no medication
{n=13).

Enzyme-linked immunosorbent assay (ELISA)

Serum samples were serially taken, stored at —~20°C at
each institution, and then tested for autoantibodies by
ELISA. At least two serum samples obtained at different
times (2-25 samples, median 5, mean+SD 6.2 £4.7)
were used to measure autoantibodies over the observa-
tion period. Serum antibody titers to . the gp210
C-terminal peptide a.a.1863-1887 (SPNALPPARKA
SPPSGLWSP AYASH) were measured as described pre-
viously.” The antibody titers were calculated with refer-
ence to a standard serum, and titers more than 6
units/mL (mean value + 5 SD of the titers of 30 healthy
controls) were arbitrary defined as antibody-positive.
Antibody titers to mitochondrial antigens MIT3 {(recom-
binant proteins containing PDC-E2, BCOADC-E2,
OGDC-E2) and SP100 (synthetic peptides) were deter-
mined using ELISA kits (INOVA Diagnostics, San Diego
CA), and antibody titers greater than 25 units/mL were
considered positive according to the manufacturer’s pro-
tocol."* Antibody titers to centromere B (recombinant
centromere B proteins) were determined using the
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Mesacup-2 CENP-B ELISA kit (MBL, Nagoya) according
to the manufacturer’s instructions, and titers more than
25 units/mL were considered positive."

DNA extraction and HLA genotyping

Genomic DNA was purified from the peripheral whole
blood of PBC patients using a DNA isolation kit follow-
ing the manufacturer’s instructions (Macherey-Nagel,
Diiren). HLA-DRB1 genotyping was performed as
described previously.* Briefly, the HLA-DRBI genotype
was determined by sequence-based typing (SBT) of
group-specific PCR products. The nucleotide sequence
of the HLA-DRB1 locus was analyzed using Assign
400ATF software (Conexio Genomics, Applecross).

Ethics board

The present study was approved by the ethics board of
each medical center affiliated with the NHOSLJ. All sub-
jects gave informed consent to use their serum and DNA
samples to advance medical knowledge on the causes of
PBC.

Statistical analysis

The frequency of the HLA-DRBI1 alleles in PBC patients
was compared to the general Japanese population,* and
the strength of the association was expressed as an odds
ratio {OR). The statistical significance of this association
was examined by Fisher's exact test included in the R
statistical package (available online at http://www.1-
project.org/). Fisher's exact test was also used to
compare the frequency of cases between different HLA-
DRB1 alleles. An unconditional step-wise logistic regres-
sion analysis was used to determine the independent
significance of the HLA-DRBI alleles, ANAs, sex, and age
at the end of the observation period for the two different
types of PBC progression (nonjaundice-type and
jaundice-type progression). These statistical analyses
were conducted using SAS, version 9.3 (SAS Institute,
Cary NC). All statistical tests were based on two-sided
probability, and P-values less than 0.05 were considered
statistically significant.

RESULTS

Demographic features and clinical course of
PBC patients during the observation period

PON ENTERING THE study, 283, 49 and two PBC
patients were in clinical stage I (early stage), clini-
cal stage II {late stage without jaundice), and clinical
stage MI (late stage with jaundice), respectively
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(Table 1). During  the  observation  period
(1-452 months, median 57, mean+SD 69.6 +63.1),
36 and nine of the 283 patients initially in clinical stage
[ had progressed to clinical stage 1l and IlI, respectively.
Seven out of the 49 patients initially in clinical stage II
progressed to clinical stage III during the observation
period. At the end of the observation period, 238, 78,
and 18 patients were in clinical stage I, II, and III, respec-
tively. Among the 18 clinical stage I patients, eight
patients received a liver transplant, six patients died of
end-stage hepatic failure without receiving a liver trans-
plant, and four patients who did not receive a liver
transplant were alive.

To determine the time course of autoantibody pro-
duction, serum anti-gp210, anti-centromere, anti-sp 100
antibodies and AMAs were serially measured at least
twice (2-25 times, median 5, mean +SD 6.2 +4.7) for
each patient over the observation period. Nine out of
103 initially anti-gp210-positive patients became persis-
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tently anti-gp210-negative, whereas 13 out of 230 ini-
tially anti-gp210-negative patients became persistently
anti-gp210-positive. The anti-centromere antibody
status did not change from positive to negative or vice
versa in all of the patients, but two of 40 initially anti-
sp100-positive and 3 of 299 initially AMA-positive
patients became anti-sp100- and AMA-negative, respec-
tively, over the observation period. Thus, anti-gp210,
anti-centromere, anti-sp100 antibodies and AMAs were
positive in 107 (32.0%), 82 (24.6%), 38 (11.4%) and
296 {88.6%) patients, respectively, at the end of the
observation period.

Frequency of HLA-DRBT1 alleles in
PBC patients

As shown in Table 2, the frequency of the HLA-
DRB1*0803 and -DRB1*0405 alleles was significantly
increased in PBC patients compared to the general Japa-
nese population (13.3% vs. 6.4%, OR, 2.24, 95% CI,

Table 2 Frequency of HLA-DRBI alleles in primary biliary cirrhosis patients

Allele PBC Control *Odds ratio (95% *P-value
(n=0668) (n=516) confidence interval)

*0101 32 (4.8%) 20 (3.9%) 1.24 (0.70, 2.20)

0301 1 (0.1%) 0 (0%) 2.32 (0.09, 57.1)

0401 6 (0.9%) 7 (1.4%) 0.66 (0.22, 1.97)

*0403 17 (2.5%) 20 (3.9%) 0.65 (0.33, 1.24)

*0404/23 1 (0.1%) 0 (0%) 2.32 (0.09, 57.1)

*0405 126 (18.9%) 68 (13.2%) 1.53 (1.11, 2.11) 0.005

*0406 11 (1.6%) 18 (3.5%) 0.46 (0.21, 0.99)

0407 2 (0.3%) 2 (0.4%) 0.77 (0.11, 5.49)

“0409 1(0.1%) 0 (0%) 2.32 (0.09, 57.1)

£0410 12 (1.8%) 11 (2.1%) 0.84 {0.36, 2.04)

0701 4 (0.6%) 4 (0.8%) 0.77 (0.19, 3.09)

*0801 1 (0.1%) 0 (0%) 2.32 (0.09, 57.1)

+0802 37 (5.5%) 18 (3.5%) 1.62 (0.91, 2.88)

+0803 89 (13.3%) 33 (6.4%) 2.24 (1.48, 3.41) 0.0001

*0901 89 (13.3%) 71 (13.8%) 0.96 (0.69, 1.34)

*1001 7 (1.0%) 3 (0.6%) 1.81 (0.46, 7.03)

*1101 7 (1.0%) 19 (3.7%) 0.28 (0.11, 0.66) 0.002

*1201/06/10 14 (2.1%) 13 (2.5%) 0.83 (0.38, 1.77)

1202 6 (0.9%) 11 (2.1%) 0.41 (0.15, 1.13)

1301 2 (0.3%) 2 (0.4%) 0.77 (0.10, 5.49)

*1302 15 (2.2%) 29 (5.6%) 0.38 {0.20, 0.72) 0.003

*1401/54 23 (3.4%) 22 (4.3%) 0.80 (0.44, 1.45)

*1405 24 (3.6%) 16 (3.1%) 1.16 (0.61, 2.21)

*1406 5 (0.7%) 11 (2.1%) 0.34 (0.12, 1.00)

1501 46 (6.9%) 60 (11.6%) 0.56 {0.37, 0.84) 0.005

+1502 81 (12.1%) 46 (8.9%) 1.41 (0.96, 2.06)

1602 9 (1.3%) 4 (0.8%) 1.74 (0.53, 5.70)

*Fisher's exact test.
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Table 3 Autoantibodies as a risk factor for disease progression in primary biliary cirrhosis

Variables *Odds ratio (95% Cl) for progression to

Clinical stage 11

Clinical stage 111

Sex, male

Age (one year - 1)
Anti-gp210-positive
Anti-centromere-positive 236 (1.2
Anti-sp100-positive

1.05 (1.02, 1.08)
3.69 (2.05, 6.64)

0.94 (0.90, 0.99)
46.56 (9.20, 850.15)
8, 4.35)

*Qdds ratio was calculated using an unconditional step - wise logistic

1.48-3.41, p=10.0001 and 18.9% vs. 13.2%, OR, 1.53,
95% CI, 1.11-2.11, P=0.005, respectively), whereas
the frequency of HLA-DRB1*1101, -DRB1*1302,
and -DRB1*1501 was significantly decreased in PBC
patients compared to the general Japanese population
(1.0% vs. 3.7%, OR, 0.28, 95% CI, 0.11-0.66,
P=0.002; 2.2% vs. 5.6%, OR, 0.38, 95% CI, 0.20-0.72,
P=0.003 and 6.9% vs. 11.6%, OR, 0.56, 95% CI, 0.37-
0.84, P =0.005, respectively).”

All of these P-values remained significant even after
these values were corrected based on the Bonferroni
inequality method; a correction factor of 10, which rep-
resents the total number of detected alleles that consti-
tute more than 3.7% of the total HLA-DRBI alleles in
the control Japanese population, was applied. There
was no significant difference in demographic features
(i.e. sex, age, clinical stage, positivity of ANAs and
AMAs) between the PBC-susceptible alleles (i.e. HLA-
DRB1*0405 and *0803) and PBC-resistant alleles (i.e.
HLA-DRBI *1101, *1302, *1501; data not shown).

ANAs as a significant risk factor for the
disease progression in PBC

Age and the ANA status at the end of observation were
used to analyze the risk factors associated with PBC

regression analysis.

disease progression. The presence of anti-gp210 anti-
bodies was a strong risk factor for jaundice-type pro-
gression {(OR, 46.56, 95% Cl, 9.20-850.15), while
anti-centromere antibodies was a significant risk factor
for nonjaundice-type progression (OR, 2.36, 95% CI,
1.28-4.35), which confirmed our previous observa-
tions (Table 3).'' In addition, anti-gp210 antibody
seropositivity was also a significant risk factor for
nonjaundice-type progression (OR, 3.69, 95% CI,
2.05-6.64), whereas anti-sp100 antibody seropositivity
was not a significant risk factor for any type of PBC
disease progression (Table 3). Age was also a positive
and negative r1isk factor for nonjaundice-type
(OR, 1.05, 95% CI, 1.02-1.08) and jaundice-type {OR,
0.94, 95% CI, 0.90-0.99) progression, respectively
(Table 3).

The association of HLA-DRB1 alleles with
ANA production and disease progression

The association of HLA-DRB1 polymorphisms with
ANA production and disease progression was analyzed
using data on the HLA-DRBI alleles, and those with an
allelic frequency greater than 5% in PBC patients were

Table 4 The association of HLA-DRB1 alleles with autoantibody production and disease progression in primary biliary cirrhosis

Variables *Odds ratio (95% confidence interval)

Antibodies-positive for:

Progression to

Anti-gp210 Anti-centromere

Clinical stage 11

Clinical stage 111

Sex, male

Age (one year-1)
HLA-DRB1*0405
HLA-DRB1*0803
HLA-DRB1*0901
HLA-DRB1*1502
HLA-DRB1*1501
HLA-DRB1*0802

1.05 (1.03, 1.07)
1.61 (1.08, 2.39)
2.30 (1.41, 3.73)

1.06 (1.04, 1.08)

1.78 (1.02, 3.03)
1.98 (1.13, 3.40)

0.95 (0.93, 0.98)

*Qdds ratio was calculated using an unconditional step-wise logistic regression analysis.
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examined (i.e. HLA-DRB1 *0405, *0803, *0901, *1502,
*1501, *0802) (Table 4). Age and ANA status at the end
of observation were used for the analysis. An uncondi-
tional step-wise logistic regression analysis revealed that
the HLA-DRB1 *0803 allele predisposed patients to
anti-centromere antibody production (OR, 2.30, 95%
CI, 1.41-3.73), while the HLA-DRB1*0405 allele predis-
posed patients to anti-gp210 antibody production (OR,
1.61, 95% CI, 1.08, 2.39). Age was also a risk factor for
the production of anti-centromere antibodies (OR, 1.05,
95% Cl, 1.03-1.07). The HLA-DRB1*1502 and *0901
alleles were associated with progression to clinical stage
II (nonjaundice-type progression) (OR, 1.98, 95% CI,
1.13-3.40 and OR, 1.78, 95% CI, 1.02-3.03, respec-
tively), whereas no HLA-DRBI1 allele predisposed
patients to progression to clinical stage HI (jaundice-
type progression).

The association of HLA-DRB1 alleles with
the relative risk of ANAs for disease
progression

To study the influence of HLA-DRB1 polymorphisms on
the predictive value of ANAs for disease progression, the
relative risk of anti-gp210 or anti-centromere antibodies
for disease progression was analyzed by a step-wise
logistic regression after stratifying patients by the HLA-
DRB1 alleles that had an allelic frequency greater than
5% (i.e. HLA- DRBI*0405, *0803, *0901, *1502,
*1501, *0802). Regardless of the HLA-DRBI alleles,
anti-gp2 10 antibody seropositivity was a very strong risk
factor for jaundice-type progression (OR, 48.62, 95%
Cl, 14.30-304.82) (Table 5). As for nonjaundice-type
progression, the presence of anti-gp210 and anti-
centromere antibodies showed the highest relative risk
(OR, 11.50, 95% CI, 3.81-43.79 and OR, 6.89, 95% CI,
2.18-26.56, respectively) with the HLA-DRBI*0405
allele (Table 5). Anti-centromere antibody seropositiv-
ity was also a strong risk factor for nonjaundice-type
progression in patients with the HLA-DRB1*0803 allele
(OR,. 5.42, 95%  ClI, 1.47-24.62) but not other
HLA-DRBI alleles, including HLA-DRB1*0901, *1502,
*1501, *0802. (Table 5).- In_contrast, the presence of
anti-gp210- antibodies was a significant risk factor for
nonjaundice-type progression. in- patients with. HLA-
DRB1*0901 {(OR, 7.27, 95% CI, 1.64-40.34) and *1502
(OR; 4.35, 95% CI, 1.22-16.94) but not other HLA-
DRBI  alleles including HLA-DRBI1*0803. Thus; the
HLA-DRB1 polymorphism determines the relative risk
of ANAs for disease progression in Japanese patients
with PBC.
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DISCUSSION

N THE PRESENT study, the HLA-DRBI1*0803 allele

was associated with an increased susceptibility to
PBC development (OR, 2.24, 95% CI, 1.48-3.41; P=
0.0001), which is consistent with previous reports that
found a positive association between PBC susceptibility
and HLA-DRB1 *0803, *0801 and *08 in Japanese, Euro-
pean, and Italian populations, respectively.!”??4?>% In
addition, we found for the first time that the HLA-
DRB1*0405 allele conferred susceptibility to PBC devel-
opment (OR, 1.53,95%CI, 1.11-2.11, P = 0.005). There
have been one report which indicated the positive
association between HLA-DPB1*0501 and disease-
susceptibility in Japanese patients with PBC.* Since
HLA-DPB1*0501 is in linkage disequilibrium with
HLA-DRB1*0405 in Japanese general population, the
above association can be explained by the positive
association between HLA-DRB1*0405 and disease-
susceptibility in Japanese patients with PBC.

HLA-DRB1+*0405 is known to be associated with
disease susceptibility in Japanese patients with AIH.*
Accordingly, the frequency of the HLA-DRBI*0405
allele was significantly increased in AIH-PBC overlap
patients {17/50 = 34.0%) compared to PBC patients
without AIH (109/618 = 17.6%) (OR, 2.45, 95% CI,
1.29-4.47; P=0.007) in the present study. However,
the frequency of the HLA-DRB1*0405 allele was also
significantly increased in PBC patients without AIH
compared to the general Japanese population (17.6%
vs. 13.2%, OR, 1.41, 95% CI, 1.01-1.95; P=0.040),
indicating the significant role of HLA-DRB1*0405 allele
in the development of PBC. The accompanied autoim-
mune diseases such as Sjogren’s syndrome, Hshimoto’s
thyroiditis and RA did not affect the results of positive
association between HLA-DRB1*0405 and PBC devel-
opment (data not shown). This novel association
between HLA-DRB1*0405 and PBC development needs
to be confirmed with a larger number of Japanese PBC
patients as well'as other ethnic groups:

In: addition, we found for. the first time that the
HLA-DRB1*1101, - *1302, *1501 - alleles protected
against disease development in Japanese patients with
PBC. Our results are compatible with studies performed
in Italian-and UK: patients,- in- which- HLA-DRB1*11
and DRB1*13 were associated with protection against
disease development.’®?** . Interestingly, bile -duct
damage and: portal lymphocyte' infiltration - are less
severe in Japanese patients with chronic hepatitis C who
have the HLA-DRB1* 1302 allele.*® Piecemeal necrosis
is-also less severe in patients who have the HLA-
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Table 5 Antinuclear antibodies as a risk factor for disease progression in primary biliary cirrhosis after stratification by the
HLA-DRB1 allele

HLA-DRBI *Odds ratio (95% confidence interval [Cl]) for progression to

Allele Variables Clinical stage Il OR (95% ClI) Clinical stage 111 OR (95% CI)

Total Sex 1.82 (1.04, 3.16)

n=668 Age (years) 1.04 (1.02, 1.07) 0.94 (0.91, 0.97)
Anti-gp210-positive 3.67 (2.42, 5.58) 48.62 (14.30, 304.82)
Anti-centromer-positive 2.41 (1.56, 3.73)

*0405 Sex

n=126 Age 0.86 (0.75, 0.95)
Anti - gp210 - positive 11.50 (3.81, 43.79) 6.03 X 10° (8.85,00)
Anti-centromere-positive 6.89 (2.18, 26.56)

*0803 Sex

n=89 Age 1.06 (1.00, 1.15) 0.87 (0.74, 0.98)
Anti-gp210-positive 1.56 X 107 (11.24,0)
Anti-centromere-positive 5.42 (147, 24.62)

*0901 Sex 36.38 (5.91, 383.94)

n=289 Age 1.13 (1.06, 1.24)
Anti-gp210-positive 7.27 (1.64, 40.34) 6.84 X 10° (5.03,0)
Anti-centromere-positive

*1502 Sex

n=2381 Age 1.05 (1.01, 1.11)
Anti-gp210-positive 4.35 (1.22, 16.94) 14.38 (1.80, 303.94)
Anti-centromere-positive

*1501 Sex

n=46 Age
Anti-gp210-positive 8.82 x 10" (20.03,00)
Anti-centromere-positive

*0802 Sex

n=37 Age
Anti-gp210-positive 7.67 X 10° (3.97, <o)
Anti-centromere-positive

Others Sex

n=200 Age 1.04 (1.00, 1.08)

Anti-gp210-positive
Anti-centromere-positive

4.73 (2.21, 10.43)

19.31 (3.07, 388.96)

*Qdds ratio was calculated using an unconditional step ~ wise logistic regression analysis.

DRB1*1101 allele.” These results may possibly indicate
that weaker bile duct damage, portal lymphocyte infil-
tration and piecemeal necrosis might be associated with
a: protective role for the HLA-DRB1 *1101 and *1302
alleles in the development of PBC. We also found for the
first ‘time that HLA-DRBI *1502 and *0901: are risk
factors for nonjaundice-type progression. Interestingly,
the degree of piecemeal necrosis and portal lymphocyte
infiltration is more severe in chronic hepatitis C patients
with the HLA-DRB1*1502 allele.* It might be possible
that stronger piecemeal necrosis and portal lymphocyte
infiltration may also play a significant role in PBC pro-
gression in patients with the HLA-DRBI *1502 allele.

As for the influence of HLA-DRB1 polymorphisms on
ANA production, we found for the first time that HLA-
DRB1*0803 and HLA-DRB1*0405 are significant risk
factors for the production of anti-centromere and anti-
gp210 antibodies, respectively, in Japanese patients with
PBC: It is well known: that autoarnitibody production is
inflienced by specific HLA class I genes; for example,
HLA-DRB1*0803 is associated with anti-Ro/La and anti-
topoisomerase I antibody - production in:Japanese
patients with systemic lupus erythematosus (SLE) and
systemic: sclerosis - (SSc), respectively, - while  HLA-
DRB1*0405 is associated with the production of anti-
RNA polymerase I/IIl and anti-citrullinated  peptides
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(CCP) antibodies in Japanese patients with SSc and
rheumatoid arthritis {(RA), respectively.’*** Further, the
HLA polymorphism is associated with higher titer of
autoantibodies and disease-progression in RA and
SSc.3* However, the mechanisms underlying these
preferential production of autoantibodies and disease-
progression in patients with a certain HLA-DRB1 allele
remain to be elucidated.

In addition, we presented for the first time the asso-
ciation of HLA-DRBI polymorphism with the relative
risk of ANAs for disease progression in PBC. HLA-
DRB1*0405, *0803, *0901, *1502, *1501, and *0802
alleles constitute 18.9%, 13.3%, 13.3%, 12.1%, 6.9%
and 5.5%, respectively, of the total alleles in Japanese
patients with PBC. Stratification of PBC patients by
these HLA-DRBI alleles revealed that the relative risk of
ANAs for disease progression to the nonjaundice stage
was significantly influenced by different HLA-DRBI
alleles, whereas the relative risk of anti-gp210 antibody
seropositivity for jaundice-type progression was very
strong regardless of differences in the HLA-DRBI alleles.
The presence of anti-gp210 and/or anti-centromere anti-
bodies in late stage PBC with nonjaundice and jaundice-
type progression was more than 95% in patients with
the HLA-DRB1 %0803 allele (20/21 = 95.2%) and *0405
allele (36/37 =97.3%), indicating that PBC patients
who have the HLA-DRB1 *0803 or *0405 alleles and are
seronegative for both anti-centromere and anti-gp210
antibodies are in the lowest risk group for PBC disease
progression. For these patients, the risk of progression is
less than 5%. For other HLA-DRB1 alleles including
HLA-DRB1*0901, *1502 and *1501, anti-gp210 and/or
anti-centromere antibody seropositivity was less than
70% = during late stage PBC (17/29=065.5%,
6/11 = 68.8%, and. 22/32 =54.5%, respectively), indi-
cating that PBC patients: with- the: HLA-DRB1*0901,
*1502 or *1501 alleles who are negative for both anti-
centromere and anti-gp210° antibodies are still at risk
(more than 30%) to progress to late stage disease.

In conclusion, our results indicate that HLA-DRBI
polymorphisms are significantly associated with mul-
tiple steps in disease development, progression, and
ANA production, and in determining the relative risk of
ANAs for PBC disease progression. Since the predictive
value of anti-gp210 and anti-centromere antibodies for
disease progression was the highest in patients with the
HLA-DRB1*0405 and *0803 alleles, which are the most
prevalent: {one-third) among Japanese patients with
PBC, identifying the HLA-DRBI allele in PBC patients is
useful to predict the long-terny outcome of PBC, which
includes at least three different types of progression:
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no progression, nonjaundice-type progression and
jaundice-type progression. Further, stratifying patients
by HLA-DRB1 polymorphisms would be useful to iden-
tify unknown genetic and serological biomarkers that
could contribute to disease development and progres-
sion in PBC. Identifying these factors is the focus of
future investigations.
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